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Abstract of JP2001 1 64354 

PROBLEM TO BE SOLVED: To provide a member inside a plasma treatment chamber, excellent in 
plasma erosion resistance, and to provide an advantageous manufacturing method therefor. 
SOLUTION: The surface of a base material is coated with a multilayered combined layer consisting of a 
metal film formed as an undercoat, an AI203 film formed as an intermediate layer on the undercoat, and a 
Y203 sprayed deposit formed as a topcoat on the intermediate layer. 
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PROBLEM TO BE SOLVED: To provide a member inside a plasma treatment chamber, excellent in 
plasma erosion resistance, and to provide an advantageous manufacturing method therefor. 
SOLUTION: The surface of a base material is coated with a multilayered combined layer consisting of a 
metal film formed as an undercoat, an AI203 film formed as an intermediate layer on the undercoat, 
and a Y203 sprayed deposit formed as a topcoat on the intermediate layer. 
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CLAIMS 



[Claiin(s)] 

[Claim 1] Interior material of a plasma treatment container characterized by covering the front face of a base 
material with 20Y3 sprayed coating. 

[Claim 2] Interior material of a plasma treatment container according to claim 1 characterized by having a 
metallic film as an under coat under the Y203 sprayed coating formed as topcoat. 

[Claim 3] Interior material of a plasma treatment container according to claim 2 characterized by having an 
interlayer between the metallic film formed as an under coat, and 20Y3 sprayed coating formed as topcoat. 
[Claim 4] The gap or one or more sorts of metals which be chosen from nickel and its alloy, W and its alloy, 
Mo and its alloy, Ti, and its alloy, and an alloy are used for the metallic film of an under coat, and it is 50- 
500. Interior material of a plasma treatment container according to claim 2 or 3 characterized by being the 
coat formed in mum thickness. 

[Claim 5] an interlayer and aluminum 203 — or ~ Interior material of a plasma treatment container 
according to claim 3 characterized by being formed in the mixed coat with aluminum 203 andY203. 
[Claim 6] The interlayer who consists of a mixed coat with aluminum 203 andY203 is at an under coat 
side. Interior material of a plasma treatment container according to claim 5 characterized by being the layer 
in which the concentration of aluminum 203 is high, and, on the other hand, has inclination concentration 
with the high concentration of Y203 by the topcoat side. 

[Claim 7] 20Y3 sprayed coating is the interior material of a plasma treatment container given in any 1 term 
of claims 1-5 characterized by porosity being in the range which is 50-2000 micrometers of thickness 0.5 to 
10%. 

[Claim 8] The manufacture approach of the interior material of a plasma treatment container which covers 
Y203 with a spraying process and is characterized by forming 20Y3 sprayed coating on the surface of a 
base material. 

[Claim 9] The manufactxire approach of the interior material of a plasma treatment container which applies 
any one or more sorts of surface treatment methods of a CVD method, PVD, or a spraying process, covers 
the metal which consists of nickel, W, Mo or Ti, and those alloys as an under coat on the surface of a base 
material, and is characterized by forming a compound layer by covering Y203 as topcoat on it. 
[Claim 10] On the surface of a base material, any one or more sorts of surface treatment methods of a CVD 
method, PVD, or a spraying process are applied. Cover the metal which consists of nickel, W, Mo or Ti, and 
its alloy, and an under coat is formed, subsequently, the under coat top ~ aluminum 203 — or — The 
manufacture approach of the interior material of a plasma treatment container characterized by covering 
mixture with alumimmi 203 andY203, forming an interlayer, covering Y203 and forming topcoat on the 
interlayer after that. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the interior material of a plasma treatment container which 
is excellent in plasma-proof erosion nature, and its manufacture approach. Especially this invention is a 
proposal about the technique which it is used, for example, can be applied to DEPOSHIRUDO, a baffle 
plate, a focal ring, an insulator ring, a shielding ring, bellows covering, an electrode, etc. by plasma 
treatment in the plasma ambient atmosphere of the raw gas containing a halogen. In addition, this invention 
is not restricted only to the field of semiconductor fabrication machines and equipment, and can be applied 
also to plasma treatment container internals, such as a liquid crystal device, again. Hereafter, the example of 
semiconductor fabrication machines and equipment mainly explains. 
[0002] 

[Description of the Prior Art] general — manufacture processes, such as a semi-conductor and a liquid 
crystal device, — the inside of a processing container — a **** ghost like BF3 or NF3, and BC13 Chlorides, 
such as SnC14, and HBr like — in order to use raw gas including a bromide, there was a problem that the 
interior material of a processing container carried out corrosion consumption remarkably. 
[0003] for example, sprayed coatings, such as an anodized film of alimiinum covered on metallic materials, 
such as aluminum and aluminum alloy, and the fi-ont face of those as an ingredient currently used in the 
plasma treatment container of semiconductor fabrication machines and equipment, or boron carbide, and 
aluminum 203 sintered compact coats, such as Si3N4, ~ macromolecule coats, such as a fluororesin and an 
epoxy resin, are known fiirther. If these ingredients touch strong corrosive halogen ion, chemical injury is 
received or receiving erosion damage with particles, such as Si02 and Si3N4, and the ion excited by the 
plasma is known. 

[0004] Especially, in the process using a halogenated compound, in order to attain much more activation of 
a reaction, the plasma is often used, however — at the same time it dissociates a halogenated compound and 
it generates F, CI, corrosive Br, corrosive I, etc. of the shape of a strong atom very much under such a 
plasma operating environment — the inside of the environment — Si02 When impalpable powder-like solids, 
such as Si3N4, and Si, W, exist, the member used into the plasma treatment container will receive strongly 
an operation of erosion damages on both by the particle with chemical corrosion. And the environment 
where the plasma was excited is the phenomenon in which also ionize the gas which does not have corrosive 
like Ar gas, and this collides to a solid-state side strongly, (ion bombardment) Since it generates, it is also 
known that the various members currently arranged in the above-mentioned container will receive still 
stronger damage. 
[0005] 

[Problem(s) to be Solved by the Invention] Like the semiconductor fabrication machines and equipment 
mentioned above, there were the following troubles about the following conventional member used in the 
intense field of chemical corrosion or erosion damage. 

(1) aluminum and aluminum alloy are anodized and it has corrosion resistance. 20aluminum3 film (alumite) 
About the ingredient made to generate, when plasma erosion is received in the ambient atmosphere 
containing halogen gas, there is a problem that a life is short. Moreover, since it is a coat containing 
aluminum, the particle of A1F3 occurs and invites the poor product of the semi-conductor to manufacture. 

(2) a member front face — PVD and a CVD method — the [, such as Sc, Y, La, Ce, Yb, Eu, and Dy, / 
periodic table ] — precise coats, such as an oxide of 3a group element, carbide, a nitride, and a **** ghost, 
are formed, or there is a technique which applies the single crystal of Y203 (JP, 10-4083, A) . However, a 
membrane formation rate is late inferior to productivity, and also this technique forms two or more coat 
members in coincidence, (compound coat) There is a fault that it cannot do. 

[0006] Then, the purpose of this invention is in the place which proposes the surface treatment member with 
which the large plasma treatment container of drag force to the damage by the chemical corrosion by 
environment in which halogen gas is contained, and damage by plasma erosion etc. is presented, and its 
advantageous manufacture approach. 
[0007] 

[Means for Solving the Problem] This invention is conquered by adoption of a solution means to summarize 
and describe below the problem and fault which the conventional technique is holding and which were 
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mentioned above. That is, it is as follows when the configuration of this invention is arranged. 
[0008] (1) It is the covering member in which the layer which consists only of 20Y3 sprayed coating with 
a% [ of porosity ] of 0.2 - 10 and a thickness of 50-2000 micrometers by the spraying process was formed 
on the surface of the base material. 

[0009] (2) When corrosive [ environmental ] is strong, in imder the plasma generating conditions in the 
ambient atmosphere containing a halogenated compoxmd On the surface of the base material, excelled in 
adhesion with 20Y3 sprayed coating by the spraying process preferably as an imder coat. The coat of one or 
more sorts of the metal and alloys chosen fi*om nickel and its alloy, W and its alloy. Mo and its alloy, Ti, and 
its alloy 50-500 It is the covering member which covered in the thickness of mum, and processed 20Y3 
sprayed coating into 50-2000-micrometer thickness on the under coat, and formed the compound layer. 
[0010] (3) To the fi-ont face of a base material, it is a metallic film, (preferably sprayed coating) It is an 
interlayer on the under coat after constructing as an under coat. Coat of aluminum 203 (preferably sprayed 
coating) It is the covering member which formed and formed further the multilayer- like compovind layer 
which comes to form 20Y3 sprayed coating by thermal spraying as topcoat on tiie interlayer, 
[0011] (4) To the fi-ont face of a base material, it is a metallic film, (preferably sprayed coating) It is an 
interlayer on the under coat after constructing as an under coat. Coat of the mixture of alimiinum 203 
andY203 (preferably sprayed coating) It is the covering member which formed and formed fiirther the 
multilayer-like compound layer which formed 20Y3 sprayed coating by the sprajdng process as topcoat on 
the interlayer. 

[0012] (5) 20Y3 sprayed coating which constructed direct or the under coat, and the interlayer and is 
formed upwards on the surface of a base material [ whether the plasma metal spray of this powder is carried 
out in atmospheric air by using 20Y3 powder of 95% or more of purity, and ] It is the member which 
covered the sprayed coating obtained with the application of the thermal-spraying approach which carried 
out the plasma metal spray under the reduced pressure ambient atmosphere of Ar gas which does not contain 
oxygen substantially, or was chosen firom the high-speed flame-spraying method, the detonation-flame- 
spraying method, etc. Especially, the approach by low pressure plasma spraying of Ar g£is is effective also 
for a corrosion resistance improvement. 
[0013] 

[Embodiment of the Invention] As a result of inquiring wholeheartedly about the technical problem which 
the conventional technique is holding and which was mentioned above according to research of artificers, 
the damage on the interior material of a plasma treatment container can consider damage by the chemical 
corrosion by halogen gas, and damage by plasma erosion. When this member was especially used in the 
ambient atmosphere containing the halogen excited by the plasma, knowledge that it is important just 
preventing the damage which considers plasma-proof erosion nature as a reason, then it acts effectively also 
to chemical corrosion prevention was acquired. So, in this invention, it inquired about formation of an 
effective coat mainly to plasma-proof erosion nature. As the result, the member concerning this invention of 
upper was developed. 

[0014] That is, fundamentally, this invention adopted as a means of the technical-problem solution was 
made to form the sprayed coating which consists only of Y203 in base material front faces, such as a metal, 
ceramics, and a carbon material, by the spraying process. And when corrosive [ of the environment where 
such a member is used ] is strong, while establishing the imder coat of the metal in which a strong halogen- 
proof gas corrosive property is shovra in the bottom of said 20Y3 sprayed coating, it is in a pan. It is the 
approach of also maJdng the interlayer of aluminimiY203 [ 203 ] preparing and compoimd-izing. Hereafter, 
the configuration of this this invention member is explained in detail. 

[0015] (1) As a base material set as the construction object of the above-mentioned sprayed coating about a 
base material, it is the steel, the aluminum and the aluminiimi alloy, the timgsten and the tungsten alloy, the 
titanium and the titaniimi alloy, the molybdenimi, the molybdenum alloy, the carbon, and the oxide system 
of the various kinds containing stainless steel, A non-oxide system ceranwc sintered compact or a 
carbonaceous ingredient is suitable. In addition, since copper and a copper alloy are emitted by the corrosive 
action by plasma erosion or the halogenated compound and cause environmental pollution, they are not 
desirable. Therefore, constitutionally, when [ of equipment ] copper and a copper alloy need to be used, 
means, such as electroplating, chemical plating, and vacuum evaporationo, need to cover with Cr, nickel, 
etc. 

[0016] (2) [ whether about a coat configuration, after formation of a coat on the above-mentioned base 
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material front face carries out blasting processing of the base material, it carries out thermal spraying of 
Y203 directly, and forms membranes, and ] Or the approach of PVD processing, CVD-processing or 
thermal-spraying processing, and forming in a base material front face the coat which consists of a strong 
halogen-proof gas corrosive metallic material as an imder coat layer first, and using 20Y3 powder as 
topcoat, it carrying out thermal spraying on the under coat, and using as a compound layer is desirable. In 
this case, said metal under coat s (sprayed coating etc.) Thickness is 50-500. It considers as within the hmits 
of mimi. When an under coat layer is thinner than 50 micrometers, the operation effectiveness as an under 
coat is weak, and on the other hand, it is 500. Since effectiveness is saturated with the thickness exceeding 
mum, there is no semantics of the tylosis, and it is because it is not a best policy. As this metallic material 
for imder coats, nickel and a nickel alloy, a tungsten and a tungsten alloy, molybdenum and a molybdenum 
alloy, titaniimi, a titaniimi alloy, etc. are suitable. 

[0017] on the other hand, construct 20Y3 sprayed coating used as topcoat directly on a base material front 
face — moreover, carry out thermal spraying on said imder coat, and make it a compoimd layer ~ further — 
as an interlayer aliurdnum 203 the case where 20aluminuni203+Y3 coat is prepared — be ~ it is desirable 
to construct in thickness of 50-2000 micrometers anyway. The reason is that effectiveness saturates and is 
not more economical than 50 micrometers in a film even if effectiveness is scarce and makes it thicker than 
2000 micrometers on the other hand to prevention of damage by plasma erosion. 

[0018] In addition, the porosity of 20Y3 sprayed coating of topcoat has 0.5 - 10% of good range. 0.5 In a 
spraying process, the coat below % is difficult to manufacture, and is because it is inferior to corrosion 
resistance and plasma-proof erosion nature in the coat of 10% or more of porosity. 
[0019] (3) About 20Y3 sprayed coating of a member maximimi surface layer, the configuration of this 
invention by which it is characterized most adopts Y203 as an ingredient in which plasma-proof erosion 
nature is shown in the ambient atmosphere which contains halogen gas for the maximum siuface of a base 
material, and is in the place which carries out covering formation by making this into a thermal-spraying 
layer. Namely, as for Y203, according to research of this invention, it tumed out that it maintains the 
condition of having been stabilized even if specific gravity receives a plasma erosion operation in the 
ambient atmosphere in which it is 2410 degrees C, and 4.84 and the melting point contain halogen gas since 
chemical bonding strength with oxygen is strong. However, this 20Y3 purity needs to use 95% or more of 
thing, and if impurities, such as Fe, Mg, Cr, aluminum, nickel, and Si, are contained as oxide, since erosion- 
proof nature will fall, it is not desirable. The thing of 98% or more of purity is more desirable. In addition, 
interlayer who makes it form directly imder this 20Y3 sprayed coating A chemically stable top, as for 
aluminum 203, there is little change under an atmospheric-air plasma metal spray or a low-pressure-plasma- 
spraying environment, and it bears the operation which compensates the plasma-proof erosion nature of 
Y203. 

[0020] (4) Let 20Y3 coat of the maximum surface topcoat at least be a sprayed coating in formation this 
invention of a covering approach a. sprayed coating. And it is the semantics which strengthens this coat 
further under this topcoat sprayed coating preferably, and it is desirable to make the whole coat 
configuration into the following multilayer structure. That is, after constructing the imder coat of a 
metallizing coat on the surface of a base material, 20aluminum3 sprayed coating or inclination combination 
is started on it. A mixture sprayed coating with aluminum 203 andY203 is constructed as an interlayer, and 
20Y3 sprayed coating is further formed as topcoat on it. The reason nil why such a coat configuration is 
desirable is excellent in corrosion resistance and plasma-proof erosion nature as compared with a 
metallizing coat. It is because a sprayed coating can be multilayer-structure-ized, penetration pore of a coat 
can be lessened and corrosion resistance and erosion-proof nature can be raised by forming aluminum 203 
as an interlayer. And it is as an interlayer. Adhesion with both an under coat and topcoat good [ aluminum 
203 ] is demonstrated. In this semantics, it is more desirable to consider as an interlayer and the layer of 
mixture with aluminum 203 andY203, and it is an under coat side in this case. While making 
20aluminum3 concentration high, in a topcoat side, it is desirable to consider as the mixolimnion 
concerning inclination combination to which 20Y3 concentration becomes high. Since such an interlayer's 
formation can be easily constructed if a spraying process is adopted, it can be called desirable operation 
gestalt that an interlayer is formed as a sprayed coating. In addition, the same range as 20Y3 sprayed 
coating of topcoat is suitable for an interlayer's thickness. 

[0021] It sets to this invention and is a metal. Although an atmospheric-air plasma metal spray method or 
the plasma metal spray method in the inside of the ambient atmosphere which does not contain oxygen 
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substantially is suitable in order to form aluminum 203 and the sprayed coating of Y203, construction by 
high-speed flame spraying or the detonation-flame-spraying method is also possible. 

[0022] b. Under coat by the CVD method and PVD, Although a reduction deposit is carried out by hydrogen 
etc, and the steam of a necessary metal halogenated compound is oxidized with oxygen or an oxygen 
compoimd after that in an interlayefs formation CVD method, membranes are formed by making it change 
to an oxide film by heating in atmospheric air. On the other hand, in PVD, a sintered compact or powder is 
used as a raw material, in this, an electron beam is irradiated, and is vaporized, and membranes are formed 
by depositing this on a base material fi-ont face. Formation of the coat generally according to a CVD method 
and PVD is a thin film, (for example, before or after 50 micrometers) It is suitable for construction. 
[0023] (5) 20Y3 sprayed coating covered on the member fi-ont face which starts this invention about the 
operating environment of the member concerning this invention is usefiil especially when using it under the 
plasma environment generated under the ambient atmosphere containing a halogenated compound. 
[0024] Of course, since erosion damage is loose as compared with the ambient atmosphere which is 
effective as for this invention and contains a halogen especially in this case also to the plasma erosion 
operation under ambient atmospheres, such as N2 which does not contain a halogen or a halogenated 
compoimd, and H2, the coat covering member concerning this invention demonstrates the engine 
performance stabilized over the long period of time. 
[0025] 

[Example] an example 1 — this example — test piece made from aluminum (dimension: 5mm of 50mm x 
thickness of width-of-face [ of 50mm ] x length) 20Yafter carrying out surface roughening of one side by 
blasting processings thermal spray material ~ using — an atmospheric-air plasma metal spray method and 
Ar gas — the ambient pressure force — 50 - 200 hPa the controlled low-pressure-plasma-spraying method — 
respectively ~ thickness 300 mY20mu3 sprayed coating was formed. Moreover, it is thickness 100 about 
the under coat of a nickel-20%alimiinum alloy by the atmospheric-air plasma metal spray method to one 
side of the test piece made from aluminum. It is 300, using said Y203 as topcoat, after constructing to mum 
diickness. What was covered to mimi thickness was produced. Then, the porosity of 20Y3 sprayed coating 
currently formed in these test piece front faces, bond strength, and a spalling test (it is 10 cycle ******** 
trial, using actuation of air cooling as 1 cycle out of a fiimace, after heating in the electric fiimace currently 
maintained by 500 degrees C for 20 minutes) It carried out. In addition, what was constructed at conditions 
with the same said of the sprayed coating of alimiinum 203 as an example of a comparison and the same 
process was offered as a sample. 

[0026] Table 1 summarizes the test result at this time. The coat which suits this invention is what covered 
20Y3 coat directly on the surface of the test piece. (1 No. 3) What began, gave the under coat upwards and 
formed 20Y3 coat (2 No. 4) Even if all the included coats compare good adhesion and thermal shock 
resistance with an example and 20alimiinum3 coat, it is completely equal. Since there is little porosity as 
compared with the coat of an atmospheric-air spraying process, especially 20Y3 coat formed by the low- 
pressure-plasma-spraying method can also expect good corrosion resistance. 
[0027] 
[Table 1] 
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[0028] In this example, the base material made from aluminum of SOmmxlOO mmxSmm thickness is used, 
an example 2 — After perfomiing surface treatment as shown in Table 2, a dimension 20mmx20mmx5mm 
test piece is cut down from each base material. The mask of other parts was carried out so that the range 
whose surface treatment side is furthermore lOmmxlOmm might be exposed, and it irradiated on the 
following conditions for 20 hours, and the amount of damages by plasma erosion was calculated as thinning 
thickness. 

(1) A gas ambient atmosphere, the flow rate conditions [ CF and Ar ] 4, and the mixed gas of 02 were made 
into the ambient atmosphere of the following conditions. 

CF4/Ar/02= 100/1000/10 ((flow rate cm 3 per for 1 minute)2) Plasma exposure output high-frequency 
power : 1300 W pressure : 133.3 Pa [0029] The test result was shown in Table 2. Anodic oxide film 
according to the present technique of the example of a comparison so that clearly from the result shown in 
this table 2 (N0.8) It begins and is B4C. Sprayed coating (No. 10) It is imagined that is large and the amovmt 
of damages by plasma erosion is not all practical. However, it also sets for the example of a comparison. 
20aluminum3 sprayed coating (No.9) Comparatively good plasma-proof erosion nature was shown. On the 
other hand, 20Y3 sprayed coating of this invention demonstrated the extremely excellent plasma-proof 
erosion nature, and having maintained the good engine performance under the ambient atmosphere 
containing a halogenated compound was admitted. 
[0030] 
[Table 2] 
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[0031] an example 3 — in this example on the base material made from aluminum of 5mm of width-of-face 
[ of 50mm ] x die-length 100 mmx thickness as an under coat — 80%nickel-20%alimiinimi ~ as 80 
micrometers and an interlayer aluminum 203 — or — aluminum203 50vol%Af2O3 50vol% mixture 100 
micrometers It is about Y203 on it. After forming merribranes by the atmospheric-air plasma metal spray 
method to 200-niicrometer thickness, respectively, the plasma erosion trial was carried out on condition that 
the example 2. Consequently, the sprayed coating of this invention is the maximum surface section, 
(topcoat) As long as 20Y3 sprayed coating is formed, it is an interlayer. Even if it arranges aluminum203 / 
[ alimiinum 203 and ] Y203 mixture layer Effect is not received in plasma-proof erosion nature, but it is the 
exposure of 20 hours. 6.1-7.5 It was admitted that disappearance of mirai did not pass to have accepted but 
demonstrated engine performance sufficient also by the multilayer-structure coat. 

[0032] an example 4 — the base material made from aluminum present in this example — anodic oxidation 
(alumite processing) With the test piece carried out It is the alloy coat of 80%nickel-20%alumininn as an 
under coat on a base material. It covers to 1 00-micrometer thickness. It is 20Y3 coat as topcoat on it. 250 
micrometers of test pieces formed by the plasma metal spray method, respectively are used. Plasma etching 
was performed on the following conditions and the particle number adhering to the front face of the silicon 
wafer with a diameter of 8 inches put into the same chamber compared the number of the particle particles 
which are deleted by etching and disperse. In addition, it investigates with surface-analysis equipment and 
the adhering particle number is particle size in general. It carried out for the particle 0.2 micrometers or 
more. 

(1) A gas ambient atmosphere and the flow rate conditions CHF3, 02, and Ar were circulated with the 
respectively following mixing ratios. 

CHF3/O2/Ar=80/100/160 ((flow rate cm 3 per for 1 minute)2) Plasma exposure output high-frequency 
power : 1300 W pressure : 4 Pa temperature : 60 ** [0033] It anodizes as a result of this experiment, 
(alvmiite film) In the test piece carried out, 30 of the particle control value 17.5 hours after a plasma 
exposure and in a general chamber are exceeded, and it is after 25 hours. It became 150 or more pieces, the 
presentation of this particle — aluminum and F from — it was what becoming. On the other hand, by 20Y3 
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sprayed coating which suits this invention, it became after the 70-hour exposure and the plasma-proof 
erosion nature which remained and was excellent in extent exceeding a control limit value at last was 
shown. 
[0034] 

[Effect of the Invention] The outstanding resistance is shown when it is used imder the environment where 
the plasma erosion operation under the gas ambient atmosphere containing a halogenated compound is 
received in the member which formed 20Y3 sprayed coating directly on the quality of a metal, or the nature 
base material of a nonmetal, or constructed the under coat of the quality of a metal upwards, and formed 
20Y3 sprayed coating according to this invention, as explained above. For this reason, even if it continues a 
plasma-etching activity over long duration, the inside of a chamber becomes there is little contamination by 
particle and possible [ producing a high quality product efficiently ]. Moreover, since the contamination rate 
by the particle in a chamber becomes slow, spacing of defecation becomes long, improvement in 
productivity can be expected, and it is very effective as interior material of a plasma treatment container. 

[Translation done.] 
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[Field of the Invention] This invention relates to the interior material of a plasma treatment container which 
is excellent in plasma-proof erosion nature, and its manufacture approach. Especially this invention is a 
proposal about the technique which it is used, for example, can be applied to DEPOSHIRUDO, a baffle 
plate, a focal ring, an insulator ring, a shielding ring, bellows covering, an electrode, etc. by plasma 
treatment in the plasma ambient atmosphere of the raw gas containing a halogen. In addition, this invention 
is not restricted only to the field of semiconductor fabrication machines and equipment, and can be applied 
also to plasma treatment container intemals, such as a liquid crystal device, again. Hereafter, the example of 
semiconductor fabrication machines and equipment mainly explains. 



[Translation done.] 
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[Description of the Prior Art] general — manufacture processes, such as a semi-conductor and a Hquid 
crystal device, ~ the inside of a processing container — a **** ghost like BF3 or NFS, and BC13 Chlorides, 
such as SnC14, and HBr like — in order to use raw gas including a bromide, there was a problem that the 
interior material of a processing container carried out corrosion consumption remarkably. 
[0003] for example, sprayed coatings, such as an anodized film of alxmiinum covered on metallic materials, 
such as alimiinimi and alimiinum alloy, and the front face of those as an ingredient currently used in the 
plasma treatment container of semiconductor fabrication machines and equipment, or boron carbide, and 
aluminum 203 sintered compact coats, such as Si3N4, — macromolecule coats, such as a fluororesin and an 
epoxy resin, are known further. If these ingredients touch strong corrosive halogen ion, chemical injury is 
received or receiving erosion damage with particles, such as Si02 and Si3N4, and the ion excited by the 
plasma is known. 

[0004] Especially, in the process using a halogenated compoxmd, in order to attain much more activation of 
a reaction, the plasma is often used, however ~ at the same time it dissociates a halogenated compound and 
it generates F, CI, corrosive Br, corrosive I, etc. of the shape of a strong atom very much xmder such a 
plasma operating environment — the inside of the environment — Si02 When impalpable powder-like solids, 
such as Si3N4, and Si, W, exist, the member used into the plasma treatment container will receive strongly 
an operation of erosion damages on both by the particle with chemical corrosion. And the environment 
where the plasma was excited is the phenomenon in which also ionize the gas which does not have corrosive 
like Ar gas, and this collides to a solid-state side strongly, (ion bombardment) Since it generates, it is also 
known that the various members currently arranged in the above-mentioned container will receive still 
stronger damage. 



[Translation done.] 
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[Effect of the Invention] The outstanding resistance is shown when it is used under the environment where 
the plasma erosion operation under the gas ambient atmosphere containing a halogenated compound is 
received in the member which formed 20Y3 sprayed coating directly on the quality of a metal, or the nature 
base material of a nonmetal, or constructed the under coat of the quality of a metal upwards, and formed 
20Y3 sprayed coating according to this invention, as explained above. For this reason, even if it continues a 
plasma-etching activity over long duration, the inside of a chamber becomes there is little contamination by 
particle and possible [ producing a high quality product efficiently ]. Moreover, since the contamination rate 
by the particle in a chamber becomes slow, spacing of defecation becomes long, improvement in 
productivity can be expected, and it is very effective as interior material of a plasma treatment container. 



[Translation done.] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Like the semiconductor fabrication machines and equipment 
mentioned above, there were the following troubles about the following conventional member used in the 
intense field of chemical corrosion or erosion damage. 

(1) aluminum and aluminum alloy are anodized and it has corrosion resistance. 20aluminum3 film (alumite) 
About the ingredient made to generate, when plasma erosion is received in the ambient atmosphere 
containing halogen gas, there is a problem that a life is short. Moreover, since it is a coat containing 
aluminimi, the particle of AIF3 occurs and invites the poor product of the semi-conductor to manufacture. 

(2) a member front face — PVD and a CVD method ~ the [, such as Sc, Y, La, Ce, Yb, Eu, and Dy, / 
periodic table ] ~ precise coats, such as an oxide of 3a group element, carbide, a nitride, and a **** ghost, 
are formed, or there is a technique which applies the single crystal of Y203 (JP, 10-4083, A) . However, a 
membrane formation rate is late inferior to productivity, and also this technique forms two or more coat 
members in coincidence, (compound coat) There is a fault that it cannot do. 

[0006] Then, the purpose of this invention is in the place which proposes the surface treatment member with 
which the large plasma treatment container of drag force to the damage by the chemical corrosion by 
environment in which halogen gas is contained, and damage by plasma erosion etc. is presented, and its 
advantageous manufacture approach. 



[Translation done.] 
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[Means for Solving the Problem] This invention is conquered by adoption of a solution means to summarize 
and describe below the problem and fault which the conventional technique is holding and which were 
mentioned above. That is, it is as follows when the configuration of this invention is arranged. 
[0008] (1) It is the covering member in which the layer which consists only of 20Y3 sprayed coating with 
a% [ of porosity ] of 0.2 - 10 and a thickness of 50-2000 micrometers by the spraying process was formed 
on the surface of the base material. 

[0009] (2) When corrosive [ environmental ] is strong, in under the plasma generating conditions in the 
ambient atmosphere containing a halogenated compound On the surface of the base material, excelled in 
adhesion with 20Y3 sprayed coating by the spraying process preferably as an imder coat. The coat of one or 
more sorts of the metal and alloys chosen from nickel and its alloy, W and its alloy. Mo and its alloy, Ti, and 
its alloy 50-500 It is the covering member which covered in the thickness of mum, and processed 20Y3 
sprayed coating into 50-2000-micrometer thickness on the under coat, and formed the compound layer. 
[0010] (3) To the front face of a base material, it is a metallic film, (preferably sprayed coating) It is an 
interlayer on the imder coat after constructing as an imder coat. Coat of aluminum 203 (preferably sprayed 
coating) It is the covering member which formed and formed further the multilayer-Uke compound layer 
which comes to form 20Y3 sprayed coating by thermal spraying as topcoat on tiie interlayer. 
[001 1] (4) To the front face of a base material, it is a metallic film, (preferably sprayed coating) It is an 
interlayer on the under coat after constructing as an under coat. Coat of the mixture of aluminum 203 
andY203 (preferably sprayed coating) It is the covering member which formed and formed further the 
multilayer-like compound layer which formed 20Y3 sprayed coating by the spraying process as topcoat on 
the interlayer. 

[0012] (5) 20Y3 sprayed coating which constructed direct or the under coat, and the interlayer and is 
formed upwards on the surface of a base material [ whether the plasma metal spray of this powder is carried 
out in atmospheric air by using 20Y3 powder of 95% or more of purity, and ] It is the member which 
covered the sprayed coating obtained with the application of the thermal-spraying approach which carried 
out the plasma metal spray under the reduced pressiwe ambient atmosphere of Ar gas which does not contain 
oxygen substantially, or was chosen from the high-speed flame-sprajdng method, the detonation-flame- 
spraying method, etc. Especially, the approach by low pressure plasma spraying of Ar gas is effective also 
for a corrosion resistance improvement. 
[0013] 

[Embodiment of the Invention] As a result of inquiring wholeheartedly about the technical problem which 
the conventional technique is holding and which was mentioned above according to research of artificers, 
the damage on the interior material of a plasma treatment container can consider damage by the chemical 
corrosion by halogen gas, and damage by plasma erosion. When this member was especially used in the 
ambient atmosphere containing the halogen excited by the plasma, knowledge that it is important just 
preventing the damage which considers plasma-proof erosion nature as a reason, then it acts effectively also 
to chemical corrosion prevention was acquired. So, in this invention, it inquired about formation of an 
effective coat mainly to plasma-proof erosion nature. As the result, the member concerning this invention of 
upper ** was developed. 

[0014] That is, fundamentally, this invention adopted as a means of the technical-problem solution was 
made to form the sprayed coating which consists only of Y203 in base material front faces, such as a metal, 
ceramics, and a carbon material, by the spraying process. And when corrosive [ of the environment where 
such a member is used ] is strong, while establishing the under coat of the metal in which a strong halogen- 
proof gas corrosive property is shown in the bottom of said 20Y3 sprayed coating, it is in a pan. It is the 
approach of also making the interlayer of aluniinimiY203 [ 203 ] preparing and compound-izing. Hereafter, 
the configuration of this this invention member is explained in detail. 

[0015] (1) As a base material set as the construction object of the above-mentioned sprayed coating about a 
base material, it is the steel, the aluminum and the aluminium alloy, the tungsten and the tungsten alloy, the 
titanium and the titanium alloy, the molybdenimi, the molybdenum alloy, the carbon, and the oxide system 
of the various kinds containing stainless steel, A non-oxide system ceramic sintered compact or a 
carbonaceous ingredient is suitable. In addition, since copper and a copper alloy are emitted by the corrosive 
action by plasma erosion or the halogenated compound and cause environmental pollution, they are not 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/2005 



JP,2001-164354,A [MEANS] 



Page 2 of 3 



desirable. Therefore, constitutionally, when [ of equipment ] copper and a copper alloy need to be used, 
means, such as electroplating, chemical plating, and vacuum evaporationo, need to cover with Cr, nickel, 
etc. 

[0016] (2) [ whether about a coat configuration, after formation of a coat on the above-mentioned base 
material front face carries out blasting processing of the base material, it carries out thermal spraying of 
Y203 directly, and forms membranes, and ] Or the approach of PVD processing, CVD-processing or 
thermal-spraying processing, and forming in a base material front face the coat which consists of a strong 
halogen-proof gas corrosive metallic material as an under coat layer first, and using 20Y3 powder as 
topcoat, it carrying out thermal spraying on the under coat, and using as a compound layer is desirable. In 
this case, said metal xmder coat s (sprayed coating etc.) Thickness is 50-500. It considers as within the limits 
of mum. When an under coat layer is tiiinner than 50 micrometers, the operation effectiveness as an under 
coat is weak, and on the other hand, it is 500. Since effectiveness is saturated with the thickness exceeding 
mxmi, there is no semantics of the tylosis, and it is because it is not a best policy. As this metallic material 
for under coats, nickel and a nickel alloy, a tungsten and a tungsten alloy, molybdenimi and a molybdenum 
alloy, titanium, a titanium alloy, etc. are suitable. 

[0017] on the other hand, construct 20Y3 sprayed coating used as topcoat directly on a base material front 
face — moreover, carry out thermal spraying on said under coat, and make it a compound layer — further ~ 
as an interlayer aluminum 203 the case where 20alimiinum203+Y3 coat is prepared — be — it is desirable 
to construct in thickness of 50-2000 micrometers anyway. The reason is that effectiveness saturates and is 
not more economical than 50 micrometers in a film even if effectiveness is scarce and makes it thicker than 
2000 micrometers on the other hand to prevention of damage by plasma erosion. 

[0018] In addition, the porosity of 20Y3 sprayed coating of topcoat has 0.5 - 10% of good range. 0.5 In a 
spraying process, the coat below % is difficult to manufacture, and is because it is inferior to corrosion 
resistance and plasma-proof erosion nature in the coat of 10% or more of porosity. 
[0019] (3) About 20Y3 sprayed coating of a member maximum surface layer, the configuration of this 
invention by which it is characterized most adopts Y203 as an ingredient in which plasma-proof erosion 
nature is shown in the ambient atmosphere which contains halogen gas for the maximxmi surface of a base 
material, and is in the place which carries out covering formation by making this into a thermal-spraying 
layer. Namely, as for Y203, according to research of this invention, it turned out that it maintains the 
condition of having been stabilized even if specific gravity receives a plasma erosion operation in the 
ambient atmosphere in which it is 2410 degrees C, and 4.84 and the melting point contain halogen gas since 
chemical bonding strength with oxygen is strong. However, this 20Y3 purity needs to use 95% or more of 
thing, and if impxirities, such as Fe, Mg, Cr, alimiinum, nickel, and Si, are contained as oxide, since erosion- 
proof nature will fall, it is not desirable. The thing of 98% or more of purity is more desirable. In addition, 
interlayer who makes it form directly under this 20Y3 sprayed coating A chemically stable top, as for 
aluminimi 203, there is little change under an atmospheric-air plasma metal spray or a low-pressure-plasma- 
spraying environment, and it bears the operation which compensates the plasma-proof erosion nature of 
Y203. 

[0020] (4) Let 20Y3 coat of the maximum surface topcoat at least be a sprayed coating in formation this 
invention of a covering approach a. sprayed coating. And it is the semantics which strengthens this coat 
further under this topcoat sprayed coating preferably, and it is desirable to make the whole coat 
configuration into the following multilayer structure. That is, after constructing the under coat of a 
metallizing coat on the surface of a base material, 20aluminum3 sprayed coating or inclination combination 
is started on it. A mixture sprayed coating with aluminum 203 andY203 is constructed as an interlayer, and 
20Y3 sprayed coating is fluther formed as topcoat on it. The reason nil why such a coat configuration is 
desirable is excellent in corrosion resistance and plasma-proof erosion nature as compared with a 
metallizing coat. It is because a sprayed coating can be multilayer-structure-ized, penetration pore of a coat 
can be lessened and corrosion resistance and erosion-proof nature can be raised by forming aluminum 203 
as an interlayer. And it is as an interlayer. Adhesion with both an under coat and topcoat good [ aluminum 
203 ] is demonstrated. In this semantics, it is more desirable to consider as an interlayer and the layer of 
mixture with aluminum 203 andY203, and it is an imder coat side in this case. While making 
20aluminum3 concentration high, in a topcoat side, it is desirable to consider as the mixolimnion 
concerning inclination combination to which 20Y3 concentration becomes high. Since such an interlayer's 
formation can be easily constructed if a spraying process is adopted, it can be called desirable operation 
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gestalt that an interlayer is formed as a sprayed coating. In addition, the same range as 20Y3 sprayed 
coating of topcoat is suitable for an interlayer*s thickness. 

[0021] It sets to this invention and is a metal. Although an atmospheric-air plasma metal spray method or 
the plasma metal spray method in the inside of the ambient atmosphere which does not contain oxygen 
substantially is suitable in order to form aluminimi 203 and the sprayed coating of Y203, construction by 
high-speed flame spraying or the detonation-flame-sprajdng method is also possible. 

[0022] b. Under coat by the CVD method and PVD, Altihough a reduction deposit is carried out by hydrogen 
etc. and the steam of a necessary metal halogenated compound is oxidized with oxygen or an oxygen 
compoimd after that in an interlayer's formation CVD method, membranes are formed by making it change 
to an oxide film by heating in atmospheric air. On the other hand, in PVD, a sintered compact or powder is 
used as a raw material, in this, an electron beam is irradiated, and is vaporized, and membranes are formed 
by depositing this on a base material fi-ont face. Formation of the coat generally according to a CVD method 
and PVD is a thin film, (for example, before or after 50 micrometers) It is suitable for construction. 
[0023] (5) 20Y3 sprayed coating covered on the member fi-ont face which starts this invention about the 
operating environment of the member concerning this invention is useful especially when using it under the 
plasma environment generated imder the ambient atmosphere containing a halogenated compound. 
[0024] Of course, since erosion damage is loose as compared with the ambient atmosphere which is 
effective as for this invention and contains a halogen especially in this case also to the plasma erosion 
operation under ambient atmospheres, such as N2 which does not contain a halogen or a halogenated 
compoimd, and H2, the coat covering member concerning this invention demonstrates the engine 
performance stabiUzed over the long period of time. 

[Translation done.] 
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[Example] an example 1 — this example — test piece made from aluminum (dimension: 5mm of 50mm x 
thickness of width-of-face [ of 50mm ] x length) 20Yafter carrying out surface roughening of one side by 
blasting processings thermal spray material — using ~ an atmospheric-air plasma metal spray method and 
At gas — the ambient pressure force — 50 - 200 hPa the controlled low-pressure-plasma-spraying method — 
respectively — thickness 300 mY20mu3 sprayed coating was formed. Moreover, it is thickness 100 about 
the imder coat of a nickel-20%aluminum alloy by the atmospheric-air plasma metal spray method to one 
side of the test piece made from aluminum. It is 300, using said Y203 as topcoat, after constructing to mum 
thickness. What was covered to mum thickness was produced. Then, the porosity of 20Y3 sprayed coating 
currently formed in these test piece front faces, bond strength, and a spalling test (it is 10 cycle ******** 
trial, using actuation of air cooling as 1 cycle out of a ftunace, after heating in the electric ftimace currently 
maintained by 500 degrees C for 20 minutes) It carried out. In addition, what was constructed at conditions 
with the same said of the sprayed coating of aluminum 203 as an example of a comparison and the same 
process was offered as a sample. 

[0026] Table 1 summarizes the test result at this time. The coat which suits this invention is what covered 
20Y3 coat directly on the surface of the test piece. (1 No. 3) What began, gave the under coat upwards and 
foraied 20Y3 coat (2 No. 4) Even if all the included coats compare good adhesion and thermal shock 
resistance with an example and 20aluminum3 coat, it is completely equal. Since there is little porosity as 
compared with the coat of an atmospheric-air spraying process, especially 20Y3 coat formed by the low- 
pressure-plasma-spraying method can also expect good corrosion resistance. 
[0027] 
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[0028] In this example, the base material made from aluminum of SOnrunxlOO mmxSmm thickness is used, 
an example 2 — After performing surface treatment as shown in Table 2, a dimension 20mnix20mmx5nuii 
test piece is cut down from each base material. The mask of other parts was carried out so that the range 
whose surface treatment side is fiirthermore lOmmxlOmm might be exposed, and it irradiated on the 
following conditions for 20 hours, and the amoimt of damages by plasma erosion was calculated as thinning 
thickness. 

(1) A gas ambient atmosphere, the flow rate conditions [ CF and Ar ] 4, and the mixed gas of 02 were made 
into the ambient atmosphere of the following conditions. 

CF4/Ar/02= 100/1000/10 ((flow rate cm 3 per for 1 minute)2) Plasma exposure output high-frequency 
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power : 1300 W pressure : 133,3 Pa [0029] The test result was shown in Table 2. Anodic oxide film 
according to the present technique of the example of a comparison so that clearly from the result shown in 
this table 2 (No. 8) It begins and is B4C. Sprayed coating (No. 10) It is imagined that is large and the amoimt 
of damages by plasma erosion is not all practical. However, it also sets for the example of a comparison. 
20aluminum3 sprayed coating (No.9) Comparatively good plasma-proof erosion nature was shown. On the 
other hand, 20Y3 sprayed coating of this invention demonstrated the extremely excellent plasma-proof 
erosion nature, and having maintained the good engine performance under the ambient atmosphere 
containing a halogenated compoxmd was admitted. 
[0030] 
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[0031] an example 3 ~ in this example on the base material made from aluminum of 5mm of width-of-face 
[ of 50mm ] x die-length 100 mmx thickness as an under coat — 80%nickel-20%aluminum — as 80 
micrometers and an interlayer aluminum 203 — or ~ aluminum203 50vol%/Y2O3 50vol% mixture 100 
micrometers It is about Y203 on it. After forming membranes by the atmospheric-air plasma metal spray 
method to 200-micrometer thickness, respectively, the plasma erosion trial was carried out on condition that 
the example 2. Consequently, the sprayed coating of this invention is the maximum surface section, 
(topcoat) As long as 20Y3 sprayed coating is formed, it is an interlayer. Even if it arranges aluminum203 / 
[ aluminum 203 and ] Y203 mixture layer Effect is not received in plasma-proof erosion nature, but it is the 
exposure of 20 hours. 6.1-7.5 It was admitted that disappearance of mum did not pass to have accepted but 
demonstrated engine performance sufficient also by the multilayer-structure coat. 

[0032] an example 4 — the base material made from aluminum present in this example — anodic oxidation 
(alumite processing) With the test piece carried out It is the alloy coat of 80%nickel-20%aluminimi as an 
under coat on a base material. It covers to 100-micrometer thickness. It is 20Y3 coat as topcoat on it. 250 
micrometers of test pieces formed by the plasma metal spray method, respectively are used. Plasma etching 
was performed on the following conditions and the particle number adhering to the front face of the silicon 
wafer with a diameter of 8 inches put into the same chamber compared the number of the particle particles 
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which are deleted by etching and disperse. In addition, it investigates with surface-analysis equipment and 
the adhering particle number is particle size in general. It carried out for the particle 0.2 micrometers or 
more. 

(1) A gas ambient atmosphere and the flow rate conditions CHF3, 02, and Ar were circulated with the 
respectively following mixing ratios. 

CHF3/O2/Ar=80/100/160 ((flow rate cm 3 per for 1 minute)2) Plasma exposure output high-frequency 
power : 1300 W pressure : 4 Pa temperature : 60 ** [0033] It anodizes as a result of this experiment, 
(alumite film) In the test piece carried out, 30 of the particle control value 17.5 hours after a plasma 
exposure and in a general chamber are exceeded, and it is after 25 hours. It became 150 or more pieces, the 
presentation of this particle ~ alimiiniun and F from — it was what becoming. On the other hand, by 20Y3 
sprayed coating which suits this invention, it became after the 70-hour exposure and the plasma-proof 
erosion nature which remained and was excellent in extent exceeding a control limit value at last was 
shown, 

[Translation done.] 
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(54) [Title of the Invention] The inner material of a plasma processing container and the 
method for manufacturing the same 

(57) [Abstract] 

[Problem] To propose an inner material of a plasma processing container with 
excellent plasma erosion resistance, and the method for manufacturing the same. 

[Means of Solution] The surface of the base materials is coated by a multi-layer 
composite laminate composed of a metal coating that is formed as an undercoat, an AI2O3 
coating that is formed as an intermediate layer on this undercoat, and a Y2O3 sprayed 
coating that is formed as a topcoat on this intermediate layer. 



[Scope of Patent Claims] 

[Claim 1] An inner material of a plasma processing container, wherein ttie surface of the 
base material is coated by Y2O3 spmyed coating. 

[Claim 2] The inner material of a plasma processing container described in Claim 1, 
wherein it has a metal layer as an undercoat under the Y2O3 sprayed coating that is 
formed as a topcoat. 

[Claim 3] The inner material of a plasma processing container described in Claim 2, 
wherein it has an intermediate layer between the metal coating that is formed as an 
undercoat and the Y2O3 sprayed coating that is formed as a topcoat. 
[Claim 4] The inner material of a plasma processing container described in Claim 2 or 3, 
wherein the metal coating, which is the undercoat, is a coating that is formed to a 
tiiickness of 50-500 pm with one or more kinds of metal or alloy selected from Ni and 
the alloys thereof, W and the alloys thereof^ Mo and the alloys thereof and Ti and the 
alloys thereof. 

[Claim 5] The inner material of a plasma processing container described in Claim 3, 
wherein the intermediate layer has been foxmed with AI2O3 or a mixed coating of AI2O3 
andY203. 

[Claim 6] The inner material of a plasma processing container described in Claim 5, 

wherein the intermediate layer composed of a mixed coating of AI2O3 and Y2O3 is a layer 

that has a graduated concentration wherein the concentration of AI2O3 is high on the 

undercoat side and the concentration of Y2O3 is high on the topcoat side. 

[Claim 7] The inner material of a plasma processing container described in any one of the 

claims from Claim 1 to 5, wherein the porosity of the Y2O3 sprayed coating is within a 

range of 0.5^10%, and the coating thickness is in a range of 50-2,000 \an. 

[Claim 8] A method for manufacturing the inner material of a plasma processing 

container, wherein the surface of the base material is coated with Y2O3 by the spray 

method, and a Y2O3 sprayed coating is formed tfiereby, 

[Claim 9] A method for manufacturing the inner material of a plasma processing 
container, wherein one or more surface processing methods selected flx)m the CVD 
method, PVD method and spray method is applied to the surface of the base material^ the 
base material is coated with a metal composed of Ni, W, Mo or Ti, and the alloys thereof 
as an undercoat, and then a composite laminate is fomied by coating this undercoat with 
Y2O3 as a topcoat 

[Claim 10] A method for manufacturing the inner material of a plasma processing 
container, wherein one or more surface processing methods selected from the CVD 
method, PVD method and spray method is applied to the sur&ce of the base material to 
form an undercoat, and next an intermediate layer is formed on this undercoat by coating 
the latter with AI2O3 or a mixture of AI2O3 and Y2O3, after which a topcoat is fomied on 
this intermediate layer by coating the latter with Y2O3. 
[Detailed Explanation of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] 

The present invention relates to an inner material of a plasma processing container with 
excellent plasma erosion resistance, and the method for manufacturing the same, hi 
particular^ the present invention is a proposal about a technique that is used in plasma 



processing in a plasma atrtjosphere of processing gas contaiaing halogen elements, and 
that can be applied for example to deposition shields, baffle plates, focus rings, insulator 
rings, shield rings, bellows covers, electrodes, etc. bi addition, the present invention is 
not limited solely to the field of semiconductor manufecturing apparatuses, and can also 
be applied to the products inside plasma processing containers such as liquid crystal 
devices. The description below is provided chiefly with reference to semiconductor 
manufacturing aqpparatuses. 
[0002] 

[Prior Art] In general, processing gas, beginning with such things as fluorides like BF3 
and NF3, chlorides like BCh and SnCla and bromides like HBr are used in the processing 
container, in the manufacturing process of such items as semiconductors and liquid 
crystal devices, and there is the problem that the inner material of the processing 
container is markedly corroded and subjected to attrition. 

[0003] The following are known of for example as materials that are used inside the 
plasma processing containers of semiconductor manufacturing apparatuses: metal 
materials such as Al and Al alloys, anodic oxidation coatings of that are coated on the 
surface thereof, or sprayed coatings such as boron carbide, sintered compact coatings of 
AJ2O3 and Si3N4, and macromolecular coatings of fluoride resin or epoxy resin. It is 
known that when these materials come into contact with highly coixosive halogen ions, 
they undergo chemical damage, and suffer erosion damage due to the fine particles of 
Si02 and Si3N4 and the ions that arc excited by the plasma. 

[0004] In particular, plasma is frequently used in order to provide for further activation of 
the reactions in processes that employ halogen compounds. However, when in such 
plasma use environments the fine powder solids of SiOi and Si3N4, Si, W, etc, are 
present in the environment at the same time as the halogen compounds disassociate and 
produce extremely corrosive F, CI, Br and I in molecular form, the members that are 
employed inside the plasma processing container are strongly subjected to the double 
action of chemical corrosion and erosion loss due to fine particles. Moreover, it is known 
that an environment excited by plasma is ionized by non-corrosive gasses such as Ar gas, 
and a phenomenon wherein this strongly collides with a solid surface (ion bombardment) 
occurs, so the various members disposed inside the above-mentioned container are 
subjected to still stronger damage. 
[0005] 

[Problems that the Invention Attempts to Solve] There are the following problems in the 
conventional members described below that are employed in fields where there is serious 
chemical corrosion and erosion damage, such as the above-described semiconductor 
manufacturing apparatuses. 

(1) There is the problem that materials that subject Al and Al alloys to anodic oxidation 
and produce an corrosion-resistant AI2O3 coating (alumite) are subjected to plasma 
erosion and have a short lifespan in an atmosphere that contains a halogen gas. In 
addition, since it is a coating that contains Al, particles of AIF3 are produced, and this 
leads to defects in the semiconductor products that are manufactured. 

(2) There is a technique whereby a fine coating of the oxid^ carbides, nitrides, fluorides, 
etc., of the 3a group of elements of the periodic table such as Sc, Y, La, Ce, Yb, Eu and 
Dy is formed on the member surface by the PVD method or CVD method, and a 
monocrystal of Y2O3 is applied thereto (Japanese Public Patent Disclosure Bulletin No. 



HI 0-4083). However, this technique has the drawback that the speed of coating 

fonnation is slow and it is inferior in productivity, and in addition it is not possible to 

form multiple coating members (a composite coating) at the same time. 

[0006] Accordingly, the purpose of the present invention is propose a surface processing 

member provided for plasma processing contamers, etc., which has great resistance to 

damage due to chemical corrosion due to environments like diose containing halogen gas 

and to damage due to plasma erosion^ and a beneficial method for manufacturing the 

same. 

[0007] 

[Means for Solving the Problems] The present invention overcomes the above-described 
problems and drawbacks harbored by the prior art by the adoption of the means of 
solution that is summarized and described below. That is, one can recount the 
composition of the present invention as follows. 

[0008] (1) It is a coated member, wherein the surface of the base material is coated with a 
layer composed of only a Y2O3 sprayed coating with a porosity of 0.2-10% and a 
thickness of 50-2,000 |im by the spray method. 

[0009] It is a coated member^ wherein in the event that the corrosiveness of the 
environment is strong, for example, in the case where it is under conditions of plasma 
generation in an atmosphere that contains halogen compounds, a coating composed of 
one or more kind of metal or alloy selected fix)m Ni and the alloys thereof, W and the 
alloys thereof, Mo and the alloys thereof and Ti and the alloys thereof^ which have 
excellent adhesion with a Y2O3 spray coating, is formed as an imdercoat on the surface of 
the base material preferably by the spray method, and the latter is coated to a thickness of 
SO^SOO ^m, and then a Y2O3 spray coating is added to a thickness of 50-2,000 ^m and a 
composite lamination is formed on this undercoat thereby. 

[0010] (3) A coated member that forms a multi-layer composite lamination, wherein a 
metal coating is applied as an undercoat (preferably a spray coating to the surface of the 
base material, after which a coating of AI2O3 is formed as an intermediate layer 
(preferably by the spray method) on this imdercoat, and then a Y2O3 spray coating is 
formed by spraying as a topcoat on this intermediate layer. 

[0011] (4) A coated member that forms a multi-layer composite lamination, wherein a 
metal coating is applied as an undercoat (preferably a spray coating) to the surface of the 
base material, after which a coating composed of a mixture of AliOy and YaOa is fomied 
as an intermediate layer (preferably by the spray method) on this undercoat, and then a 
Y2O3 spray coating is formed by spraying as a topcoat on this intermediate layer. 
[0012] (5) A memb^ wherein the surface of die base material is coated witibi a Y2O3 
spray coating is formed directly thereon or after processing an undercoat or intermediate 
layer, and this spray coating is obtained by using Y2O3 witti a puri^ of 95% and above 
and either plasma sprayitig the powder thereof in the atmosphere or plasma spraying 
under a reduced pressure atmosphere of Ar gas that essentially does not contain oxygen, 
or applying a spraying method selected from high-speed flame spraying, explosion 
spraying, etc. Of these, die mediod based on reduced pressure plasma spraying of Ar gas 
is also effective in the improvement of corrosiveness. 
[0013] 

[Mode of Embodiment of tiie Invention] According to the research of the inventors, the 
result of their painstaking study of the above-mentioned problems harbored by tiic prior 



art is that the damage to the inner material of the plasma processing container may be due 
to damage due to plasma erosion. In particular, they found that in the event that this 
member is used in an atmosphere that contains halogen that is excited by plasma, what is 
important is preventing damage, and plasma erosion resistance is the source of the 
solution thereto, and this being so this also acts effectively in the prevention of chemical 
corrosion. Accordingly, in this invention the inventors chiefly undertook research about 
the foraiation of a coating that is effective for plasma erosion resistance. They developed 
the above-described member for the present invention as die result thereof 
[0014] That is» as the means for solving these problems, they decided to forai sprayed 
coating composed of only Y2O3, by die spray method, on the surface of the base material, 
which is metal, ceramic, a carbon material, etc. Then, this is a method wherein, in those 
cases where the corrosiveness of the environment in which such a member is used is 
strong, an undercoat of metal that exhibits properties of strong resistance to halogen 
corrosion is provided under the above-mentioned Y2O3 sprayed layer, and in addition it is 
further compoimded by providing an intermediate layer of AI2O3 or YzO^. A detailed 
description is provided below of said member for the present invention. 
[001 5] ( 1 ) About the base materia] 

The following are optimal as the base material that serves as the object of the processing 
with the above-mentioned sprayed coating: Various kinds of steel including stainless 
steel, aluminum and aluminum alloys, tungsten and tungsten alloys, titanium and titanium 
alloys, molybdenum and molybdenum alloys, and carbon, as well as oxide or non-oxide 
ceramic sintered compacts, or carbonaceous mataials. Since copper and copper alloys 
are emitted by plasma erosion and corrosive action due to halogen compounds, and this 
becomes a cause of environmental pollution, these are not desirable. Therefore, in the 
event that it is necessary to use copper and copper alloys in terms of the composition of 
an apparatus, it is necessary to coat these with Cr, Ni, etc., by a means such as 
electroplating, chemical plating, vapor deposition, etc. 
[0016] (2) About the coating composition 

As far as the formation of a coating on the above-mentioned base material sxuface is 
concerned, it is preferable that this be done by a method wherein the Y2O3 is sprayed 
directly on the base material and the coating is formed hereon, after the base material has 
been subjected to plasma processing, or a coating composed of a metal matmal tiiat is 
strongly resistant to halogen corrosion is first formed as an undercoat on the base material 
surface by PVD processing, CVD processing or spray processing, and then a composite 
lamination is made by spraying Y2O3 powder on this undercoat as a topcoat. In this case, 
the coating thickness of the above-mentioned metal undercoat (sprayed coating, etc.) is 
set within a range of 50^-500 \Lm. This is because when the undercoat layer is thinner ttian 
50 |jm, its action and effects as an undercoat are weak, and when on the other hand its 
thickness exceeds 500 fim the effects are saturated, so there is no sense in making the 
layer overly thick, and this is not advisable. The following are optimal as the metal 
materials used for said undraxx>at: Nickel and nickel alloys, tungsten and tungsten alloys, 
molybdenimi and molybdenum alloys, titanium and titanium alloys, etc. 
[0017] On the other hand, it is preferable that the Y2O3 sprayed coating that serves as the 
topcoat is in any event is processed to a diickncss of 50-2,000 i^m, in the event it is 
something that is directly added to the base material surface and is further made into a 
composite lamination by spraying it on the above-mentioned radercoat, and a AI2O3 or 



AI2O3 and Y2O3 coating is provided as an intermediate layer. The reason for this is that 
the effects on prevention of damage due to plasma erosion are weak when the thickness is 
less than SO ^m, while the effects are saturated and it is not economical when it is greater 
than 2,000 ^un. 

[0018] It is best that the porosity of the Y2O3 sprayed coating of the topcoat is in a range 
of 0.5-- 10%. This is because is difficult to manufacture a coating with a porosity of less 
than 0.5% by the spray method, while a coating with a porosity of over 10% is inferior in 
its resistance to corrosion and plasma erosion. 

[0019] (3) About the Y2O3 sprayed coating of the uppermost sxirface layer of the member 
The composition is most characteristic of the present invention is that Y2O3 is adopted as 
the material that exhibits plasma erosion iiesistance in an atmosphere that contains a 
halogen gas, for the uppermost surface layer of the base material, and this is formed by 
coating as a sprayed layer. In other words, according to the research for the present 
invention, it was learned that since the specific gravity of Y2O3 is 4.84 and its melting 
point is 2,41 0 degrees Centigrade, and it has strong chemical bonding force with oxygen, 
it maintains a stable state even if it is subjected to plasma erosion action in an atmosphere 
that contains a halogen gas. However, it is necessary to employ Y2O3 with purity of 95% 
and above, and when impurities such as Fe, Mo, Cr, Al, Ni and Si are contained as 
oxides, the resistance to erosion declines, and this is not desirable. Y2O3 whose purity is 
98% and above is preferable, and given the fact that tbe AI2O3 of the intermediate layer 
that is formed directly under this Y2O3 sprayed coating is chemically stable, there is little 
change even under atmospheric plasma spraying and subatmospheric plasma spraying 
environments, and this is responsible for effects that compensate for the plasma erosion 
resistance of Y2O3. 
[0020] Coating method 
a. Formation of the sprayed coating 

In the present invention, the Y2O3 coating of at least the uppermost surface layer topcoat 
is to be a sprayed layer. Then, it is preferable that the overall coating composition be 
made into a multi-layer structure like that below, in terms of further strengthening 
preferably this coating under the topcoat sprayed layer. That is, after the undercoat of the 
metal sprayed coating is applied to the stuface of the base material, an AI2O3 sprayed 
coating or a mixed sprayed coating of AlaO^ and Y2O3 for the graduated compounded is 
applied as an intermediate layer on this, and a Y2O3 sprayed coating is moreover formed 
as a topcoat on this. The reason why such a coating composition is desirable is that by 
forming as an intermediate layer AI2O3, which is superior in corrosion resistance and 
plasma erosion resistance compared to metal sprayed coatings, the sprayed coatings are 
made into a multi-layer structure, and it is possible to decrease the number of air holes 
that pass through the coating and to improve the erosion resistance thereby. Moreover, as 
an intermediate layer AI2O3 has excellent adhesion with both tbe undercoat and the 
topcoat In this sense, it is more desirable to make the intermediate lajrer a layer 
composed of a mixture of AI2O3 and Y2O3, and in ttiis case it is preferable to make it a 
mbced layer for graduated compounding such that die Al20d concoitration on the 
imdercoat side is increased while the Y2O3 concentration becomes higher on the topcoat 
side. The formation of such an intermediate layer can be executed easily if the spray 
method is enq>loyed, one can say that forming an intermediate lay^ as a spray coating is 



a prefenxd embodiment It is optimal if the thickness of the intennediate layer is in flie 
same range as diat of the Y2O3 prayed coating of the topcoat. 

[0021] In the present inventioni the atmospheric plasma spray method or a spray method 
in an atmosphere that essentially does not contain oxygen is optima] in order to fomi the 
sprayed coatings tnade of metal. AI2O3 or Y2O3, but it is also possible to execute this by 
high speed flame spraying or explosion spraying. 

[0022] b- Formation of the undercoat and the intermediate layer by the CVD method and 
PVD method 

In the CVD method, the vapor of the required metal halogen compound is reduced and 

deposited by hydrogen, etc., after which it is oxidized by oxygen or an oxygen 

compound, but the coating is formed by altering this to an oxide coating, by heating it in 

the atmosphere. On the other hand, in the PVD method, a sintered compact or powder is 

employed as the raw materials, and the coating is fomied by volatilizing this with 

irradiation with an electron beam, and depositing this on the surface of the base material. 

In general the formation of coatings by the CVD method and PVD metibiod is suitable for 

the fomiation of thin coatings (for example, about 50 \im). 

[0023] (5) About the use environment of the member for the present invention 

The Y2O3 sprayed coating that is coated onto the member surface for tiic present 

invention is particularly useful in event that it is used in a plasma environment that is 

generated under an atmosphere that contains halogen compoimds. 

[0024] Naturally, tiie present invention is also effective against plasma erosion action 

under an atmosphere of N2, H2, etc., that does not contain halogen atoms or halogen 

compounds, and since in this case the erosion damage is moderate compared with 

atmospheres that contain a halogfta in particular, the member covered with a coating for 

the present invention displays a stable performance over a long period of time. 

[0025] 

[Embodiment] Embodiment 1 

In this embodiment, one surface of a test piece made of aluminum (dimensions: 50 mm 
wide x 50 mm long x 5 mm thick) was made into a rough surface by blast treatment, after 
which Y2O3 sprayed coatings with a coating tibickness of 300 were formed 
respectively by the atmospheric plasma spray method, and a subatmospheric plasma 
spray method that controlled the atmospheric pressure to 50-200 hPa with Ar gas, with 
the Y2O3 sprayed material In addition, an undercoat of Ni-20% Al alloy was applied to a 
thickness of 100 ^im by the atmospheric plasma spray method, on one side of the 
aluminum test pieces, after which items that were coated with the above-mentioned Y2O3 
to a thickness of 300 >im as a topcoat were prepared. After that, porosity, adhesion 
strength and thermal shock tests (a test in which 1 cycle involved heating die pieces for 
20 minutes in an electric furnace that is kept at 500 degrees Centigrade, after which an 
air-cooling operation outside the fiimace is perfonned; 10 such cycles are repeated in this 
test) were conducted. As comparative examples, AI2O3 sprayed coatings to which the 
same process was applied under the same conditions were supplied for the tests. 
[0026] Figure 1 summarizes the test results at this time. When it comes to the coatings 
that conform to the present invention, all the coatings, beginning with tbe items (Nos. 1 
and 3) in which the surfece of the test piece was coated directly with a Y2O3 coating and 
including those it^ns (No. 2, 4) wherein a Y2O3 coating was formed after an undercoat 
was applied, exhibited excellent adhesion and tihermal shock resistance, and compared 



favorably with tiie AlzOs coatings. In particular, since the porosity of the Y2O3 coatings 
formed by the subatmospheric plasma spray method was less than that of the coatings 
formed by the atmospheric spray method, it is possible to anticipate good corrosion 
resistance for the former* 



[0027] 
[Table 13 



No. 


Spraying 
me&od 


Composi 
coati 


tion of 


Porosity 
(%) 


Adhesion 
strength 
(MPa) 


Thermal 
shock test 

Vi$ua] 
observation 
of 

appearance 


Remarks 


Undercoat 


Topcoat 


1 


Atmospheric 
plasma 


None 


Y2O3 


5-9 


35-38 


No peeling 


Embodiments 


2 


Ni-20A1 


Y2O3 


6-8 


38-41 


No peeling 


3 


Subatmosphedc 
plasma 


None 


Y2O3 


0.2-3 


40-41 


No peeling 


4 


Ni-20A1 


Y2O3 


0.3-4 


40-44 


No peeling 


5 


Atmospheric 
plasma 


None 


AI2O3 


8-12 


38-42 


No peeling 


Comparative 
examples 


6 


Ni-20A1 


AI2O3 


9-12 


35-44 


No peeling 


7 


Subatmospheric 
plasma 


None 


AI2O3 


0.5-5 


38-44 


No peeling 


8 


Ni-20A1 


AI2O3 


0.6-7 


39-43 


No peeling 



(1) Coating thickness: Undercoat 100 jim, topcoat 300 jam 



(2) The adhesion strength is based on the adhesion strength test method that is prescribed 
as the ceramic sprayed coating test method in JIS H8666. 

(3) Thermal shock test: 500 degree Centigrade x 20 minutes Air temperature (air 
cooling). This is repeated 10 times, after which observatiorxs are made of the appearance. 

[002S] Embodiment 2 

In this embodiment, surface processing like that shown in Table 2 was applied, using 
aluminum base materials (50 mm x 100 mm x 5 mm thick), after which test pieces with 
dimensions of 20 mm x 20 mm x 5 mm were carved out of the respective base materials, 
and then titie other portion was masked so tibiat a range of 10 mm x 10 mm of tiie 
processed surface was exposed, this was irradiated for 20 hours under the following 
conditions, and the amount of damage due to plasma erosion was calculated fiom the 
decreased flesh thickness. 

(1) Gas atmosphere and flow volume conditions 

A mixed gas of CF4» Ar and was employed as the atmosphere under the following 
conditions. 

CFa/ AX/O2 = 1 00/1 00/10 (flow vohime cm^ per 1 minute) 

(2) Plasma exposure output 

High frequency power 1 ,300 W 
Pressure: 133.3 Pa 

[0029] Table 2 shows the test results thereof As is clear firom the results shown in this 
Table 2, the amount of damage due to plasma erosion was great in the anodic oxidation 
coating (No. 8) and the B4C sprayed coating (No. 10) among the comparative examples 
made based on current techniques, and one can see that these are not practical. However, 
the AI2O3 sprayed coating (No. 9) in the comparative examples ^diibited relatively good 



plasma erosion resistance. Compared to this, it was found that the Y2O3 sprayed coatings 
for the present invention displayed extremely good plasma erosion resistance, and that 
they maintained good performance even under an atmosphere lhat contained halogen 
compoiuids. 
[0030] 
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No. 


Spraying 


Surface 


Is there an 


Erosion loss 


Remarks 




method 


processing 


undercoat? 


depth 








method 




(urn) 




1 


Y2O3 


Spraying 


Yes 


6.2 


Embodiments 


2 


(99.9%) 


No 


6.1 




3 


Y2O3 


Spraying 


Yes 


7.6 




4 


(99.8%) 




No 


7.2 




5 




Spraying 


Yes 


6.5 




6 


(99.5%) 




No 


6.3 




7 


Y2O3 


PVD 


No 


6.6 


Comparative 




(99.9%) 








examples 


8 


AI2O3 


Anodic 


No 


39.5 








oxidation 








9 


AI2O3 


Spraying 


Yes 


8.1 




10 


B4C 


Spraying 


Yes 


28.0 




11 


Quartz 




No 


39.0 





(Remarks) 

(1) Atmospheric plasma spraying was employed for the spraying, and the coating 
diickness of the undercoat was 80 pm 

(2) The material of the undercoat was 80% Ni - 20% Al 

(3) Anodic oxidation involves formation of coatings in accordance with AA25 prescribed 
innSH8601. 

[0031] Embodiment 3 

In this embodiment, 80% Ni - 20% Al with a thickness of 80 pm as an undercoat, AI2O3 
or a mixture of AI2O3 50% V0L/Y2O3 50% vol. with a thickness of 100 pm as an 
intermediate layer, and Y2O3 with a thickness of 80 ^im on this, were respectively formed 
as a coating by the atmospheric plasma spray method, on an aluminum base material with 
dimensions of 50 mm wide x 100 mm long x 5 mm thick, after which a plasma erosion 
test was implemented with the conditions of Embodiment 2. The result was that there was 
no effect on the plasma erosion resistance of the sprayed coating for the present invention 
even v^en AI2O3 or an A1203 mixture layer was disposed as an intermediate layer, as 
long as a Y2O3 sprayed coating was formed as the uppermost layer (topcoat), and a loss 
of only 6.1'-7.5 pm was found after irradiation for 20 hours, and thus it was found that a 
coating with a multi-layer structure displayed adequate p^ormance. 
[0032] Embodiment 4 

In this embodiment, test pieces in which anodic oxidation (alumite processing) was 
applied to current al\uninum base materials, and test pieces in which an alloy coating of 
80% Ni - 20% Al was coated to a thickness of 100 pm a$ an imdercoat, and a Y2O3 



coating was formed to a thickness of 250 as a topcoat on that by plasma spraying 
respectively, were employed, plasma etching was conducted under the following 
conditions, and the number of particles that were shaved off by the etching and were 
scattered in the air was compared with the number of particles that adhered to the surface 
of a silicon wafer 8 inches in diameter that was left standing inside the same chamber. 
The number of adhering particles was examined by means of a surface testing apparatus, 
and in general the examination was conducted by targeting particles with a particle 
diameter of 2 fun and above. 

(1) Gas atmosphere and flow volume conditions 

A mixed gas of CHF3, O2 and Ar flowed through in the following mixture ratios 
respectively- 

CHF3/02/Ar = 80/100/160 (flow volume cm^ per 1 minute) 

(2) Plasma exposure output 

High jEt«quency power: 1 ,300 W 

Pressure: 4 Pa 

Temperature: 60 degrees Centigrade 

[0033] The results of this test was diat in the case of the test pieces subjected to anodic 
oxidation (alumite coatings), after 17.5 hours of plasma irradiation, the number exceeded 
30 particles, which was the general particle control value inside the chamber, and it was 
150 particles and above after 25 hours. The composition of these particles was Al and F. 
Compared to this, in the case of the Y2O3 sprayed coatings that conform to the present 
inventioo, the control limit value was only exceeded finally after irradiation for 70 hours, 
and thus these coatings exhibited superior plasma erosion resistance. 
[0034] 

[Effects of the Invention] According to the present invention as described above, in the 
event that a member on which a Y2O3 sprayed coating is directly formed on a metal o 
non-metal base material, or on which a Y2O3 sprayed coating is formed after applying a 
metal undercoat, is used in an environment that is subjected to plasma erosion action 
under a gas environment that contains halogen compounds, it exhibits excellent 
resistance. Owing to this, there is little contamination due to the particles in the chamber 
even if the plasma etching action is continued for a long period of time, and it becomes 
possible to produce high quality products with high efBciency. In addition, since tiie 
speed of contamination due to particles in the chamber is slower, an increase in 
productivity can be expected, and it is extremely efficient as the inner material of a 
plasma processing container. 
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